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Abstract

Introduction: Local scouring around pipelines across the river is one of the most important
causes of their failure and destruction. Therefore, it is very important to study the mechanism
of occurrence of this phenomenon around the pipelines and to evaluate the amount of scouring
and the characteristics of the local scour hole around them. Despite significant advances in the
study of scouring, limited research has been conducted to investigate scouring around a
pipeline across the river. Wu and Chiew (2013) investigated the scour hole and the flow field
around a pipeline under steady flow. The flow field in these experiments was measured by an
acoustic Doppler velocimeter. The results of this study showed that the presence of vortices
due to the pressure difference created upstream and downstream of the pipe causes the
formation of a force for the movement and displacement of sediments. Also, the flow from
under the pipe into the scour hole causes it to expand further. Zhao et al. (2015) performed
laboratory and numerical study of scouring under two consecutive pipelines with different
distances from each other. In moving bed conditions, it was observed that the depth of the
scour hole under the upstream pipe is slightly greater than the scour hole under the single
pipe, while the depth of the scour hole under the downstream pipe is much greater than the
scour depth compared to the single pipe. Yan et al. (2020) numerically examined the local scour
around the pipeline across the river under steady flow conditions. In their study, the CFD
method and variable mesh technique were used to model the sediment transport and the
results were compared with the results of the laboratory model. The results showed that the
method used to model scour and sediment problems respond satisfactorily. In most of the
researches in this field, a comprehensive study has not been done on the temporal changes of
the scour hole parameters and their focus has been mainly on the scour depth parameter when
the pipe is placed on the bed. The aim of this study is to investigate the effects of installation
depth of pipe across the river in steady flow on temporal changes in scour pattern and
sedimentation around the pipeline were processed by recording video information during
each experiment.

Methodology: The present study was performed in the hydraulic laboratory of the Faculty of
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Water and Environmental Engineering, Shahid Chamran University of Ahvaz in a rectangular
flume 10 m long, 0.74 m wide, and 0.6 m high. The walls of the flume were made of glass and
the floor was made of steel. The flume had reservoirs at the beginning and end and a section
to calm the flow. To investigate the scouring phenomenon around the pipe crossing the
waterway, in the middle of the flume, in an area, 1.5 m long and 15 cm thick, uniform
sediments with Medium size (d50) 0.7 mm, relative density (Sg) 2.65, and standard deviation
(og) 1.4 were poured. In this study, pipes with a diameter of 20, 40, and 60 mm at a quarter of
the pipe diameter under the bed (e/D=-0.25), bed installation depth (e/D=0), a quarter of the
pipe diameter above the bed (e/D=0.25), and half of the pipe diameter above the bed (e/D=0.5)
were used. The pipes were made of PVC and were installed perpendicular to the flow across
the flume. The experiments were performed at a flow rate of 33 liters per second and a flow
depth of 14 cm. The duration of all experiments was 120 minutes. The total number of
experiments was 12. In these experiments, clear water conditions prevailed.

Results and Discussion: In most of the researches in this field, a comprehensive study has not
been done on the temporal changes of the scour hole parameters and their focus has been
mainly on the scour depth parameter when the pipe is placed on the bed. But in this study, the
effect of pipe depth across the river in steady flow on temporal changes in scouring and
sedimentation pattern around the pipeline with the help of information processing from
filming during each experiment. Comparing the present laboratory study with other studies
related to the study of diameter and depth of installation, one of the most relevant studies is
related to the laboratory estimation of scour under the pipeline by Ataieyan (2012). In which
the scour under the pipeline is investigated with emphasis on the effect of installation depth.
The maximum amount of scouring was observed at a depth of one-fourth of the pipe diameter
at the top of the bed. The result of the experiments performed in the present study also
confirms that at the depth of installation, e/D= 0.25, due to the narrowing of a certain distance
between the sub-pipe and the surface of the sedimentary bed and The formation of vertical
and horizontal vortices showed the highest maximum scour depth compared to other
installation depths. The results related to the effect of installation depth for different modes
are as follows, e/D=0.25, e/D=0, e/D=-0.25, /D= 0.5 from maximum to minimum, respectively,
they had the highest amount of scour depth. Another parameter studied for scouring is the
distance between the maximum scouring depth and the center of the pipe. This parameter at
the beginning of the experiment was moving upstream of the pipe. By increasing the
dimensions of the scour hole, the amount of downstream power is enhanced. At installation
depth, e/D= 0.5, the highest rate of maximum scouring depth was observed downstream
compared to all cases. In all experiments, about 80 to 90% of the height of the deposition ridge
occurred in the first 10 to 20 minutes of each experiment.

Conclusion: The results of this study showed that at all installation depths, 80 to 90% of the
scouring depth was performed in the first 40 minutes of each experiment. The depth of pipe
installation was one of the most influential factors on the dimensions of the scour hole. In all
experiments, sediment from erosion was deposited downstream of the pipe and formed a
sediment ridge. The maximum and minimum deposition heights occurred at the installation
depths of e/D= 0.5 and e/D= 0.25, respectively.
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Fig. 8 Temporal scour depth development for
different diameters and installation depth of pipe.
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G IOKgmsy Ay eli )] Sl slogs pdy sd Ve S5
4J5J aliseo L;L&bjlaé 9 L;)L}f)lf Lgl.bé,o.c LS‘):‘

LSy iy Cawd by 0 Gosl Sy b oS8 ails 7 LSS
G5 S gl gac 5 aali galle ie b dzmid b ol o
Fe hda sledly sl, €/D=-0.25 4 €/D=0.54 /D= 0.25

Aoy yo o £e g
%;@QJLQLSJ’?AY’)]G;QLgijsjjelD:OLg)K\f)lSéo.C)b
iy O B3 pgm 5 ons glaygl gl JSis

JSis a9l (gl g dlg) camdpmly 5o ool LSCES g

Journal of Hydraulics

51

16 (3), 2021



VFer o) Ko g wighfu

e Ay & I3, o i ganillas

5€/D=05 5 IS lages 13 a5 5 iSegm, £l
el )l ialesl o opslel gaads Ve jo 0ls &, e/D=0.25

Ay 095 ol Glime 2o pd A dgax 4y (6 3oy aiy

6)‘}§‘“L{?‘“ -0
Al pg0 odiun g5 ailagy oo 5l Jlo Colos b Gaaod oyl
U‘)‘A} A...eru Kaisls G@s); uujl.bo )I 4.1...“:3..)& Sl 00

Dy g0 ‘Sa’bfé sl

baslis w).eﬁ -5

¢ (1) s oo b ) 5 sl
D (L) 4y ks
dso L) Sgmy lo 03l
S, ©) sy (oo S
o ) gy S it Jlns Bl
y L oz o
v LT sz Sk oo
V. (LIT) g, &8 > ailiw] ey
Q (L3M) oy o0
Fr () 39,8 dac
ds L) Sl 3oe
Kig % S (Sl Bos ainiiy Jsb alold
(L) dg) 55,0
HP oo il po 00 oS85 g5 sty ¢85
(BN
Kip % Sl om0y 83y el gl e
(L) dg! 55,0
S, L) Sl gl Jsbo
o 2o —

Ataieyan, A. (2012). Prediction of local scour depth
below an underwater pipeline in a river crossing,
MSc Thesis, Urmia University, 176p.

Azamathulla, H.M., Yusoff, M.A.M. and Hasan,
Z.A. (2014). Scour below submerged skewed
pipeline. Journal of Hydrology, 509, 615-620.

D=20mm
—A—e/D=-0.25 —e—e/D=0 ==e/D=0.25 —8-e/D=0.5
8
=
#
!
0 20 40 60 80 100 120
time (min)
D= 40 mm
—t— /D= -0.25 —e—e/D=0 —y—e/D=0.25 ~E-e/D=0.5 ]
20
=]
-3
<]
P
0 20 40 60 80 100 120
time (min)
D= 60 mm
| —4—e/D=-0.25 —e-eD=0 —eeD=025 -S-e¢/D=05
14
a
=
=

0 z'n -lll] ﬁlﬂ Bll} I;IO 120
time (min)
Fig. 11 Temporal Sediment ridge height
development for different diameters and installation
depth of pipe.

Gandy eyl plral> Sl sl pdy e 1) S5
g cilizee sl ks 5 (5,135 ,15 slagas Sl (6)1350gm,

GRS Gee 288 O o0 uﬁ.il.oﬂ)a O;.)'L{:i aads ¥ 0
D91 (Sl o slad oo b slaale 5 (S caly)
SloBac )3 o it (Smdal Boe lias (%05 g (e
§ Oy Al odalive /D= 0.5 4 6/D= 025 )35,

P i (Saiyl os anin bals e (S
Sdop .0l ,6/D=-0.25 4e/D=0.5 5,135 ,5 sla e
Ay Cawd b 50 Ginle 3l Jol slacge, boile]

oS gy i NSNS gygany Ay ST 9 00,5 o

Journal of Hydraulics
16 (3),2021

52



1Feo }-9[-? Y o)l.o.{;') NP 099

Sl yaad

Dey, S. and Singh, N.P., (2007). Clear-water scour
depth below underwater pipelines. Journal of
Hydro-Environment Research, 1(2), 157-162.

Ghodsian, M., Moncada-M, A.T. and Aguirre-Pe, J.,
(2000).  Scour  below Pipeline in River
Crossing. Journal  of  Hydraulic  Engineering,
126(10), 793-793.

Jensen, B.L., Sumer, B.M., Jensen, H.R. and
Fredsge, J. (1990). Flow around and forces on a
pipeline near a scoured bed in steady current.
Journal of Offshore Mech. Arct. Eng., 112, 206—
213.

Li, F. and Cheng, L. (1999). Numerical model for
local scour under offshore pipelines. Journal of
Hydraulic Engineering, 125(4), 400-406.

Maza, JA. (1987). Introduction to river
engineering. Advanced Course on Water Resources
Management, Universita Italiana per Stranieri.

Sumer, B.M. and Fredsoe, J. (1991), January. Onset
of scour below a pipeline exposed to waves. In The
First International Offshore and Polar Engineering
Conference. International Society of Offshore and
Polar Engineers.

Sumer, B. and Fredsge, J. (2002). The mechanics of
scour in the marine environment. Advanced series
on ocean Engineering, 17, World Scientific.

Wu, Y. and Chiew, Y.M. (2013). Mechanics of
three-dimensional pipeline scour in unidirectional
steady current. Journal of Pipeline Systems
Engineering and Practice, 4(1), 3-10.

Yan, X., Mohammadian, A. and Rennie, C.D.
(2020). Numerical modeling of flow and local scour
around pipeline in steady currents using moving
mesh with masked elements. Journal of Hydraulic
Engineering, 146(5), 06020005.

Zhao, M., Vaidya, S., Zhang, Q. and Cheng, L.
(2015). Local scour around two pipelines in tandem
in steady current. Coastal Engineering, 98, 1-15.

Journal of Hydraulics
16 (3),2021

53



